Summary. The use of height data to measure living standards is now a well-established method in economie history. Moreover, a number of core findings in the literature are widely agreed upon. There are still some populations, plaees and times, however, for which anthropometric evidence remains thin. One example is 19th century African-Americans in US border-states. This paper introduces a new data set from the Missouri state prison to track the heights of comparable black and white men born between 1820 and 1904. Modern blacks and whites come to comparable terminal statures when brought to maturity under optimal conditions; however, whites were persistently taller than blacks in the Missouri prison sample by two centimetres. Throughout the 19th century, black and white adult statures remained approximately constant, while black youth stature increased during the antebellum period.
Introduction
An anomalous finding has emerged where the physical stature of 19th century male African-American slaves increased during the antebellum period, while Northern white and free-black statures declined. If Southern planters and overseers rationally controlled slave nutrition and medical allocations to maximize slave-owner wealth, slave heights would have increased with antebellum slave values and probably decreased with the removal of the institution (Rees et al., 2003, p. 22; Steckel, 1995; Komlos & Coclanis, 1997, p. 445; Komlos, 1998; Conrad & Meyer, 1964, p. 49) .
While the former has been well documented, the latter remains unrcsolved. When brought to maturity under optimal net nutritional conditions, blacks and whites should reach comparable adult terminal statures (Eveleth & Tanner, 1976 : Tanner, 1977 Steckel, 1995 Steckel, , p. 1910 Barondess et al., 1997, p. 968; Komlos & Bam, 2004 , pp. 64, 69: Nelson et a1., 1993 , pp. 1820 Godoy et al., 2005 , pp. 472473: Margo & Steckel, 1982 Komlos & Lauderdale, 2005) ; however, 19th century blaeks were physically shorter than whites. By using a new source of 19th century Missouri pnson records, the present study contrasts male heights of comparable blacks and whites in an American border-state from the antebellum period through the end of the 19th century, Thc use of height data to measure living standards is now a well-established method in economics, A population's average stature reflects the cumulative interaction between nutrition, disease exposure, work and the physical environment. By considering average versus individual stature, genetic differences are mitigated, leaving only the influence of economic and physical environments on stature. When diets, health and physical environments improve, average stature increases and decreases when diets become less nutritious, disease environments deteriorate or the physical environment places more stress on the body. Hence, stature provides significant insights into understanding historical processes and augments other welfare measures for 19th century blacks and whites in the American South.
The Missouri prison population is particularly interesting because Missouri was a slave state with close proximity to major waterways, was agriculturally productive, and its population was racially polarized, where blacks faced considerable degrees of racial animosity from whites. This paper considers three questions, First, how did black and white statures compare by race and how did they vary over the course of the 19th century? Given the 19th century racial disparity in material conditions between black and whites, we may expect that 19th century whites encountered more favourable biological conditions than blacks, and if average stature varied in Missouri around the time of the Civil War, such variation may have been due to the institutional change from a slave to free labour force, Second, how did Missouri inmate statures compare with other American statures') Missouri was unique because of its central location in America's 19th century transportation and migration revolutions while embracing the institution of slavery, Third, how did Missouri statures vary by socioeconomic status and occupation, and which was most associated with stature variation')
Nineteenth century Missouri
Missouri's most distinctive 19th century features were its physical environment, central location within the US, politics and culture. Conjoined just north of Saint Louis, Missouri's most prominent physical features were the Mississippi and Missouri Rivers, which are America's two longest rivers and were central to Missouri's economic development, transporting goods and peoples and probably served as carriers of disease. Missouri's economic system and biological conditions were also influcnced by its northern Plains, central Ozark Plateau, and south-castcrn Bootheel. The northern Dissected Till Plains were the basis for Missouri's 19th century wheat and grain production (Fig. I) . The Ozark Plateau -historically settled by Scot-Irish immigrants is a highland rcgion in the southern half of Missouri and during the 19th century was mined for lead and iron. The Ozark Plateau is also suited to beef ranching and dairy production, which enhanced biological conditions, The Missouri Bootheal, located in the flattest and wettest part of Missouri, is part of the Mississippi Alluvial Delta, and is only a few hundred feet above sea levcl, and thcre generally is an inverse relationship between proximity to water and stature (Haines et aI., 2003, p. 405; Craig & Weiss, 1998, p. 197198, p. 205) . These regional comparisons create o North o Central mSouth a natural experiment to assess whether northern Missouri's agricultural productivity outpaced the biological benefits of access to dairy production and animal proteins in southern Missouri. Finally, Missouri's central location within America uniquely positioned it as a slave state but not part of the Black Belt, which is the southern region of 623 counties that contain higher than average black concentrations and form a belt-like swath across eleven Southern states. Consequently, not part of the Black Belt but still part of the slave-holding South, Missouri offers insight into black and white conditions in a slave state not part of the plantation South (Ransom & Sutch, 1977, pp. 73-78) .
Data and Methods
In 1832 governor John Miller suggested a state penitentiary be constructed in Jefferson City to strengthen its position as the state capital. The prison was completed in 1836 and housed many of Missouri's early criminals in-what was at the timc America's western frontier. To assess how 19th century black and white statures varied in the American South, nearly 30,000 male Missouri state prison inmate records from between 1838 and 1920 are examined, and stature comparisons probably reflect changes in the Missouri and US population's biological conditions because individuals were incarcerated for criminal, not biological, reasons. Stature measurements were taken at the time inmates were admitted to prison; therefore, stature reflects pre incarceration conditions. Prison enumerators routinely recorded the date inmates were received, age at incarceration, complexion, nativity, stature, pre-incarceration occu pation, and crime. For inmates incarcerated between 1906 and 1920, county of incarceration is also available, and provides residential and stature relationships. There were a small number of females incarcerated in the Missouri prison; however. prison enumerators did not record female stature. Because the focus here is on US male statures, females and immigrants arc excluded from the analysis. By having the same prison official record characteristics over much of the period, the consistency of the Missouri sample creates reliable comparisons across both race and time.
Fortunately, prison enumerators were quite thorough when recording inmate complexion and occupation. For instance, enumerators recorded African-Americans as blacks, copper and various shades of mulatto. While mulatto inmates possessed genetic traits from both black and white ancestry, they were treated as blacks throughout 19th century America and are grouped here with black inmates. Enumerators recorded white inmate complexions as light, fair, dark and sallow. The white inmate complexion classification is further supported by the complexion of European immigrants, who were always of fair complexion and were also recorded as light, medium and dark.
Enumerators recorded a broad continuum of occupations and defined them narrowly, recording over 200 different occupations. These occupations arc classified into four categories. Workers who were merchants and high-skilled workers are classified as white-collar workers; manufacturing, carpenters and craft workers are classified as skilled workers; workers in the agricultural sector arc classified as farmers; labourers are classified as unskilled workers. Unfortunately, prison enumer ators did not distinguish between farm and common labourers. Since common '" . labourers may have come to maturity under less favourable biological conditions than farm labourers, this potentially overestimates the biological benefits of being a common labourer and underestimates the advantages of being a farm labourer. All historical height data have selection biases. The prison data probably selected many of the materially poorest individuals, although there are skilled and agricultural workers in the sample. While prison records are not random, the selectivity they represent has its own advantages in stature studies, such as being drawn from lower socioeconomic groups, who were more vulnerable to economic change (Bogin, 1991 , p. 288; Cutler, 2004, p. I 10) . For the study of height as an indicator of biological variation, this kind of selection is preferable to that which marks many military records minimum height requirements for service (Fogel et aI., 1978, p. 85) .
Because the direct effects of age on stature are different between youths and adults, their statures are considered separately here. Youths are inmates between the ages of 15 and 22; adults are inmates between the ages of 23 and 55. Because the youth height distribution is itself a function of the age distribution, a youth stature index is constructed that standardizes for age to determine youth stature normality. First, the average stature for each youth age category is calculated. Second, each observation is then divided by the average stature for the relevant age group (KomI os, 1987, p. 899) . Figure 2 demonstrates that black and white statures were distributed approximately normally. Tables 1 and 2 present average heights and proportions for black and white males incarcerated in the 19th century Missouri prison by birth year, occupations and nativity. Whites were a larger proportion of the prison sample than blacks; 33(/' :) of the Missouri prison population was black. Occupations reflect socioeconomic status, and while prison inmates typically come from the lower working class, there was a sizeable share of inmates from white-collar and skilled occupations. White inmates were 178% and 113(10, respectively, more likely than blacks to occupy white-collar and skilled occupations. Even in agriculture, whites were more likely than blacks to come from planting and stock-raising occupations. Blacks were 60% more likely than whites Table 3 illustrates that blacks in the general Missouri population were predictably less likely than whites to be white-collar workers, skilled workers and farmers, and were more likely to be unskilled workers. Missouri urbanized along racial lines. In 1860, I9· 39'j'i, of Missouri whites lived in urban locations. By 1900, 35·55% of Missouri whites lived in urban locations; 58,60'% of blacks lived in urban locations.
It is possible that stature variations among blacks and whites in the Missouri prison were the result of the types of crimes for which individuals were incarcerated, Source: see Tables 1 and 2. and crimes in the Missouri prison are reported in five categories: physical assault, fraud, murder, sexual offences and theft. For example, prisoners incarcerated for theft may have been shorter than other prisoners because theft is a sign of poverty. However, Table 4 demonstrates that neither white nor black statures were system atically related to the types of crimes committed. Although whites and black youths who committed fraud were somewhat taller than those who committed other crimes, there werc rclatively fcw such offences, and it probably reflected the social status of the individuals involved. Missouri counties are available between 1906 and 1920, and augment other patterns observed in two ways. First, regions are classified into three general categories: northern, central and southern Missouri (Fig. 1) Fig. 3 . Missouri youth black and white stature profiles. Source: sec Table 5. urbanized of all regions within Missouri. Southern Missouri had greater access to animal proteins and dairy products (Fig. 1) .
Nineteenth century proximity to water may have been related to stature in at least one of two ways. Close proximity to major waterways created access to trade routes, which may have improved biological conditions because agricultural products were more easily imported; access to water would have had a positive relationship with stature. Alternatively, proximity to rivers can be a drain on local resources because agricultural products can be more easily exported, thereby increasing the relative price of food and nutrition, which is probably the case with Missouri's agricultural surplus. Closer proximity to rivers also increases exposure to disease vectors, such as insects and bacteria (Haines el al., 2003, p. 395; Craig & Weiss, 1998, pp. 197-198) . Malaria and yellow fever are two insect-borne diseases spread by mosquitoes. Tuhular hascilli and Vihrio cholerae are two bacteria causing tuberculosis and cholera, which were prominent 19th century diseases in the American South (Crimmens & Condran, 1983, p. 33; Breeden, 1988 ). Higher disease rates in regions with closer proximity to water, in turn, would have increased calorie requirements used to fend off disease, taking calories away from stature growth. In this case, access to rivers would have a negative relationship with stature (Cuff, 2005, p. 217) .
Results
Black and white statures were related to age, socioeconomic status and birth cohorts; they were also related to nativity, residence within Missouri and proximity to the Mississippi and ~1issoLlri Rivers. The youth height pattern by age is itself noteworthy, and whites were generally taller than blacks (Fig. 3) . While IS-year-old black stature growth was impressive, it was less impressive after the age of 16, which is consistent with Cuff (2005, p. 16 ) and Steckel (1979, pp. 374376 Ref.
- Two general patterns emerge when comparing black and white stature variations. First, it is striking the degree to which average white stature exceeds black stature. After controlling for age, white youths and adults were each nearly two centimetres taller than black youths and adults. This is even more significant since modern black and white statures are comparable when brought to maturity under optimal biological conditions (Eveleth & Tanner, 1976; Tanner, 1977; Steckel, 1995 Steckel, , p. 1910 Barondess et aI., 1997, p. 968; Komlos & Baur, 2004, pp. 64, 69; Nelson et al., 1993, pp. 18-20; Godoy et al., 2005, pp. 472-473) . Figure 4 's second pattern is that both black and white average statures approximately varied with institutional change (Conrad & Meyer, 1964, pp. 50, 75) . During the antebellum period, black youth stature increased by over two centimetres, while young white statures remained constant at 172 centimetres, and young black stature growth may have been disrupted during Reconstruction. Adult black statures increased during the early antebellum period, while adult white statures remained approximately constant throughout the 19th century. With some fluctuations, Missouri-born adults were also considerably taller than other inmates for much of the century, but declined after slavery.
For several other categories, expected patterns hold. Black and white farmers were taller than white-collar, skilled and unskilled individuals, due partly to the nearness of nutrients. Individuals from the US South-west were taller than those from the Plains (Margo, 2000, pp. 72--73, Tables 3A.1O and 3AJ 1; Rosenbloom, 2002, pp. 53, 124--125) .
Using over 7800 observations for inmates incarcerated between 1906 and 1920, the relationships between residence at time of incarceration, proximity to water and stature are evaluated (Table 7) . Stature relationships with age, socioeconomic status and birth are consistent with Tables 5 and 6 . Individuals from southern Missouri counties were taller than individuals from northern counties, and individuals from central Missouri which includes urbanized Saint Louis County--reached the shortest terminal stature (Figurc 5) . The overall clIect of close proximity to a major waterway in Missouri was negative, which held for both whites and blacks, indicating water access had a negative effect on stature in 19th century agriculturally rich farmlands.
Conclusion
The timing and extent of stature variation not only reflect the cumulative relationship between diet and disease, but also the distribution of wealth, population density, urbanization and industrialization (SteckeL 1994) . The most striking comparison that results from the Missouri prison is the degree to which white average stature exceeds black stature, which is significant because modern black and white staturcs arc comparable when brought to maturity under optimal biological conditions (Eveleth & Tanner, 1976; Tanner, 1977; Steckel, 1995 Steckel, , p. 1910 Barondess et al., 1997, p. 968; Komlos & Baur. 2004, pp. 64,69; Nelson et aI., 1993, pp. 18·20; Godoy et al., 2005, pp. 472473; Margo & Steckel, 1982, p. 519; Kom10s & Lauderdale, 2005) . Margo & Steckel (1982) and Slimier (2004) demonstrate that antebcllum Southern whites werc ncarly 2 inches taller than Southcrn blacks, and adult male slaves were shorter than Northern whites (Margo & Steckel, 1982, p. 519) . Moreover, compositional cfTects cannot explain the black white stature differential, which was due, in part, to white's access to meat and better nutrition (Margo & Steckel, 1982, p. 514-515, 517 and 519) .
Ninetcenth century black youth stature in the American South increased during the antebellum period, which is consistent with the Rees et al. (2003) hypothesis that Southern slave owncrs and overseers consciously controlled slave food and health allocations to maximize slave-owners' wealth. However, once removed, black youth statures experienced a short-run growth interruption, which recovered by the end of the 19th century. On thc other hand, whitc youth stature was roughly constant throughout the antebellum period and stagnated with the removal of slavery and Reconstruction, indicating that institutional change in the American South influenced both blacks and whitcs.
The Missouri prison sample confirms several othcr patterns observed in other 19th century American samples. First, blacks and whites born in the South were taller than their northerly born counterparts, suggesting that although the South experi enced higher disease rates, the net benefit from Southern nativity was positive. Although Southern wages were generally lower than Northern wages, wcst!south! central labourer wages were comparable to those in the Middle-Atlantic regions. Moreover, limited skilled immigration to the south-west created a relative scarcity of skilled labour, which may have enhanced their material and biological conditions (Rosenbloom, 2002, pp. 53, 124125) . Second, farmers consistently benefited from close proximity to nutritious food sources, mild disease environments and removal Table 7 . See Table 5 for the definition of nativity. See Fig. I for the defin ition of residence.
from population centres, and individuals from urbanized central Missouri Counties wcre shorter than individuals from northern and southern counties. While southern Missouri was closer to the South's slavery stronghold, Missouri's southern Ozarks specialized in beef production, and animal fats and dairy productivity were propitious to stature growth, indicating that proximity to animal and dairy products contributed more to human growth than access to grains (CufT, 2005, pp. 207, 216) . Stature was also sensitive to proximity to water and individuals in counties that shared borders with the Mississippi or Missouri Rivers were consistently shorter than those who did not. The Mis~ouri sample also contrasts the prominent types of agriculture related to stature growrli:northern Missouri specialized in grain, which contains essential amino acids relatePto growth. However, southern Missouri was suitable for animal husbandry and dairy production, which contributed more to stature growth than access to grains, and southern Missourians reached taller statures than elsewhere within the state.
